Introduction
The frequency of mild traumatic brain injury (MTBI) is relatively high but it is often unrecognized and misdiagnosed. [1] Although majority of the affected individuals experience transient symptoms, a significant minority will have persistent and sometimes disabling
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in treatment planning and prognostication. [4] The place of magnetic resonance imaging (MRI) in the diagnostic evaluation of PCS is not clear The relationship between the structural lesions on MRI and the deficits on neuropsychological testing has not been well studied. The lesions commonly seen on MRI are the frontal and temporal lesions seen following head injury. [5] Studies show some correlation between these MRI lesions and the deficits on neuropsychological tests. [6] This study assesses neuropsychological deficits and structural lesions on MRI in patients with PCS following MTBI, and tries to find correlation between these findings and PCS.
Materials and Methods
This is a prospective, observational, cohort study done in a tertiary hospital. The study cohort included consecutive patients with PCS following MTBI. Informed consent was obtained from all the patients recruited in the study. Inclusion criteria included: (1) History of MTBI, defined as an injury which produced a period of unconsciousness for 30 minutes or less and/or brief retrograde amnesia, a Glasgow Coma Scale score of 14 to 15, no focal neurological deficit, and no intracranial complications; (2) Symptoms suggestive of PCS persistent for three or more months following injury, (3) Glasgow Outcome Score (GOS) of five. [7] Patients were excluded if they had undergone any neurosurgical procedure, or required hospital admission or ICU care after head injury. Patients with neurological, neurosurgical or psychiatric illness were also excluded. The functional brain deficits were assessed by neuropsychological testing, using the National Institute of Mental Health and Neurological Sciences (NIMHANS) Neuropsychological Battery for head injury. [8] All the tests were administered and evaluated by the same two persons. The tests were standardized for the Indian population. The test battery included: Digit symbol substitution (mental speed), digit vigilance test (sustained attention), finger tapping test (motor speed), complex Figure test (visual-spatial construction, visual learning and memory), auditory verbal learning test (verbal learning and memory), Verbal N Back test (working memory), Wisconsin card sorting test (set shifting ability), animal names' test (category fluency), Stroop color test (response inhibition), Token test (comprehension ability), and Tower of London test (planning ability). The cutoff scores and percentiles were obtained matched by age, sex, and literacy from the normative data in the NIMHANS Neuropsychology Battery-2004-Manual. [8] A score below the fifteenth percentile was considered deficient. MRI (T1, T2 and FLAIR sequences) was done at the same time as the neuropsychological testing to detect structural lesions. The images were obtained using a 1.5 Tesla Superconducting MRI unit (Siemens Magnetom Vision, Ehrlangen, Germany) and were analyzed by a single radiologist who was blinded to the patient data. Statistical analysis was done using SPSS 10 protocol and Fisher's Exact test of significance was applied.
Results
The study cohort included 20 patients (males 15, mean age 35 years, median age 35 years, range 23-70 years,). The Glasgow Coma Scale score at the time of traumatic brain injury was 14 or 15. The mean duration of PCS following MTBI was 28 months (range 3-84, Median 13.5). The mechanism of head injury was road traffic accident (RTA) in 12 patients, falls in four, assault in one, and other injuries in three. Neurological symptoms in the patients are given in Table 1 . Fourteen patients had school education, three college education, and three were illiterate. Deficits on neuropsychological tests were detected in all the patients [ Figure 1 ]. The most frequently seen deficits on neuropsychological tests included: Verbal learning deficits (85%), verbal memory deficits (75%), difficulties in sustaining attention (55%), impaired planning (55%), and chages in response inhibition (55%).
The possible anatomical substrate for the deficits on neuropsychological tests is shown in Figure 2 . The most common anatomical substrate for the neuropsychological deficits was bilateral prefrontal lobes. MRI was normal in nine patients (Group A) and abnormal in 11 patients Table 2 ]. In patients with MRI lesions, the lesions were located in frontal lobes in 11 and seven patients had in addition lesions in temporal lobes, one patient had lesion in the occipital lobe, and one patient had lesion in deep callosal lesion. Combined cortical and sub-cortical lesions were seen in six patients, sub-cortical alone in five patients, and callosal in one patient. On T1 images the lesions were hypointense in eight cases, and isointense in three cases. On T2 weighted images the lesions were hypointense in one and hyperintense in 10 cases. There was no correlation between lesion intensity on MRI and neuropsychological deficits.
In the 11 patients with MRI findings, the mechanism of injury was RTA in nine patients, one patient had an industrial accident and the last was an assault. The symptom profile of patients in Group A and B is shown in Figure 3 . Patients with lesions on MRI were more likely to have disturbances of sleep, behavior and memory. However, these differences were not statistically significant.
On comparing the neuropsychological test results of patients in Groups A and B, the only notable difference found was in tests for mental speed [P 5 0.08, Figure 4 ]. In patients with PCS there was no significant correlation between any of the symptoms and deficits on neuropsychological tests [ Figure 5 ]. Most of the symptoms were associated with prefrontal dysfunction. Frontal lesions on MRI had a sensitivity of 55% (11/20 patients) in detecting frontal lobe deficits on neuropsychological tests [ Table 3 ]. Also MRI had a sensitivity of 29% (5/17 patients) and specificity of 33% (1/3 patients) in detecting temporal lobe deficits on neuropsychological tests [ Table 4 ]. In patients with exclusive frontal lesion on MRI (N 5 4), localization on neuropsychological tests was to the bilateral prefrontal lobe in all the patients. In addition, two patients had right premotor dysfunction, one patient had left premotor dysfunction, one had left temporal dysfunction and four had left medial temporal dysfunction. In patients with frontal and temporal lesions on MRI (N 5 7), localization on neuropsychological tests was to the bilateral prefrontal lobe in six patients. In addition, one patient had left prefrontal dysfunction, one had left premotor dysfunction, two patients had left temporal dysfunction, one had right temporal dysfunction and four had left medial temporal dysfunction.
Discussion
In this prospective observational study all the twenty patients with PCS following MTBI had deficits on neuropsychological tests and eleven patients had lesions on MRI. Both the test modalities localized the lesions predominantly to the frontal and temporal lobes. All symptoms were associated with prefrontal dysfunction on neuropsychological testing. Structural lesions as detected on MRI may influence the degree or severity of the problem.
The mean age of 35 years reflects the relatively young and productive age profile of the patients. The mean duration since injury was 28 months (range: 3-84 months). These observations suggest that PCS can manifest early and may persist for a long period. Earlier studies have assessed neuropsychological deficits at three months or at one year. [9, 10] In this cohort the distribution of neuropsychological deficits was uniform across various time periods. The commonest symptoms reported by patients in this study were headache, memory and sleep disturbances, and behavioral changes similar to the observations in other studies. [6, [10] [11] [12] These symptoms were significant enough to prevent the patients' return to premorbid lifestyle. Deficits on neuropsychological testing were found in all patients. The most frequently seen deficits were verbal learning, verbal memory, sustained attention, planning and response inhibition, and the most frequent neuropsychological localization was prefrontal and left medial temporal which is similar to other reports. [9, 12, 13] Of the 59 children studied by Koelfen et al. one year after head injury, MRI lesions were seen in 66%. [14] The distribution of the lesions was: cortical lesions in 14%; sub-cortical lesions in 12%, deep white matter lesions in 31%, and corpus callosum lesions in 26. van der Naalt et al., studied MRI in 67 patients within one to three months and again within six to 12 months after injury, the lesion location was predominantly in the frontal and temporal regions. [5] In another study by Levin et al., the MRI lesion location was also in the frontal and temporal lobes. [15] In our study in adults the lesion location was subcortical in 55% and callosal in 5%. Newer imaging sequences may help to maximize the sensitivity of MRI. [6, 12, 16] In the series studied by Koelfen et al., patients with cortical lesions had mainly motor deficits and patients with deep white matter lesions had both motor and cognitive deficit. [14] Hughes et al., found imaging abnormalities in 32.5% of patients and a correlation between the MRI lesions and neuropsychological deficits to frontal lobe. [9] Frontal lesions seen in MRI done in the early period after head injury were found to be predictive of outcome in the study by van der Naalt et al., [5] The same study also showed fronto-temporal focal atrophic lesions seen in MRI done in the later period after head injury were also predictive of outcome. Wallesch et al., noted that even in patients with clinically mild head injury, if computed tomography showed evidence of either diffuse axonal injury or focal contusions, patients were likely to have frontal dysfunction on neuropsychological tests and suggested that MRI may further improve the predictions. [13] In a study by Wilson et al., deeper abnormalities seen in MRI 5-18 months after closed head injury, were associated with poorer performance on neuropsychological tests. [17] Koelfen et al., reported that children with multiple lesions on MRI one year after brain injury had neuropsychological test results (all the domains) 1 to 2 standard deviations below the control group. [14] Hoffmann et al., found MRI abnormalities in 57% but identified only a weak correlation between neuroimaging findings and neurocognitive outcome. [18] The present study corroborates the above findings to a limited extent because, though patients with structural lesions shown on MRI showed a trend towards slower [19] PET based measurements of regional cerebral blood flow in the right prefrontal cortex of patients with PCS during spatial working memory tasks showed a smaller increase compared to controls. [20] One of the limitations of the present study is the absence of a control group of patients with history of MTBI but without PCS. It is possible a proportion of the lesions on MRI and neuropsychological deficits documented in this study may represent incidental findings unrelated to PCS. Only a prospective study comparing large groups of MTBI patients with and without PCS will help clarify the relative role of functional deficits and structural damage in the pathogenesis of PCS.
